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Description 

CT DETECTOR HAVING AN OPTICAL 

MASK LAYER 

Cross Reference to Related Applications 

[0001] The present invention claims the benefit of provisional 

application U.S. Ser. No. 60/525,377, filed November 26, 

2003 and titled "Reduction of Cross-talk in CT Detector 

Using Back Striped 2D Array Photodiodes". 
Background of Invention 

[0002] The present invention relates generally to diagnostic 

imaging and, more particularly, to a CT detector having an 
optical mask layer to reduce cross-talk between scintilla- 
tors and neighboring photodiodes. 

[0003] Typically, in computed tomography (CT) imaging systems, 
an x-ray source emits a fan-shaped beam toward a sub- 
ject or object, such as a patient or a piece of luggage. 
Hereinafter, the terms "subject" and "object" shall include 
anything capable of being imaged. The beam, after being 
attenuated by the subject, impinges upon an array of ra- 



diation detectors. The intensity of the attenuated beam 
radiation received at the detector array is typically depen- 
dent upon the attenuation of the x-ray beam by the sub- 
ject. Each detector element of the detector array produces 
a separate electrical signal indicative of the attenuated 
beam received by each detector element. The electrical 
signals are transmitted to a data processing system for 
analysis which ultimately produces an image. 
[0004] Generally, the x-ray source and the detector array are ro- 
tated about the gantry within an imaging plane and 
around the subject. X-ray sources typically include x-ray 
tubes, which emit the x-ray beam at a focal point. X-ray 
detectors typically include a collimator for collimating x- 
ray beams received at the detector, a scintillator for con- 
verting x-rays to light energy adjacent the collimator, and 
photodiodes for receiving the light energy from the adja- 
cent scintillator and producing electrical signals there- 
from. 

[0005] Typically, each scintillator of a scintillator array converts 
x-rays to light energy. Each scintillator discharges light 
energy to a photodiode adjacent thereto. Each photodiode 
detects the light energy and generates a corresponding 
electrical signal. The outputs of the photodiodes are then 



transmitted to the data processing system for image re- 
construction. 

[0006] Generally, the photodiode is used to convert light signal 
or energy received to an electric current. Typically, the 
amount or value of the electric current generated is lin- 
early proportional to the amount of light energy or signal 
detected. In this regard, for efficient and effective image 
reconstruction, it is imperative that the x-rays received by 
a scintillator, light emitted by the scintillator, and the light 
detected by the photodiode be localized. That is, the 
quality of the output of a photodiode may be compro- 
mised if there is a cross-communication between neigh- 
boring detector cells. This cross-communication is gener- 
ally referred to as "cross-talk". 

[0007] "Cross-talk" between detector cells of a CT detector oc- 
curs when data or signal is transferred between neighbor- 
ing detector cells. Generally, cross-talk is sought to be re- 
duced as cross-talk leads to artifact presence in the final 
reconstructed CT image and contributes to poor spatial 
resolution. Typically, four different types of cross-talk 
may result within a single CT detector. X-ray cross-talk 
may occur due to x-ray scattering between scintillator 
cells. Optical reflector cross-talk occurs by transmission 



of light through the reflectors that surround the scintilla- 
tors. Known CT detectors utilize a contiguous optical cou- 
pling layer(s), typically epoxy, to secure the scintillator ar- 
ray to the photodiode array. This coupling layer produces 
an optical coupling cross-talk. This is due to light which is 
trapped and passes through the optical coupling layer into 
the region above an adjacent diode, where it is finally ab- 
sorbed in the diode and converted to electrical signal. A 
fourth type of cross-talk is diffusion cross-talk. It is a 
combination of electrical and optical. This is due to optical 
photons which are typically generated close to the bound- 
ary between diode regions. The optical generated carriers 
diffuse within the field free regions of the diode and some 
are collected by adjacent diodes producing cross-talk. 
Both optical coupling cross-talk and diffusion cross-talk 
as defined above will be described as optical transference 
or optical transference cross-talk. 
[0008] Cross-talk and especially cross-talk variation is a signifi- 
cant source of artifacts in CT imagers. To reduce cross- 
talk variation (in any form) between detector cells, the CT 
detector is manufactured to extremely tight tolerance so 
that high quality and artifact-free CT images may be re- 
constructed. Many of the cross-talk mechanism are very 



sensitive to small variations in detector dimensions and 
other properties. The misalignment of the scintillator ar- 
ray to the photodiode array drives the non-uniformity of 
cross-talk level from one cell to its neighbors. In order to 
reduce the variation of crosstalk from one cell to another, 
either a better alignment of diode to scintillator or a non- 
sensitive design is required. 

[0009] one of the contributors of this cell-to-cell variation of 
cross-talk is the electrical cross-talk generated by diffu- 
sion of photo generated carriers between the individual 
photodiode elements. The lateral diffusion of photo gen- 
erated carriers can be thought of as an increase in the 
photoactive area of the photodiode collection junction. 
This lateral diffusion leads to a lateral cross-talk which 
occurs when some photocarriers diffuse out of the cell 
collection site in which they are generated and are col- 
lected by a neighboring cell. This effect is even more pro- 
nounced in back-illuminated diodes because the thick- 
ness of the diodes increases the diffusion length before 
collection. A back-illuminated diode is a diode array 
where the light is incident on the side of the diode array 
opposite from the diode junctions. 

[0010] it would therefore be desirable to design a CT detector 



with reduced electrical cross-talk for improved image re- 
construction. 
Brief Description of Invention 

[0011] The present invention is directed to a CT detector em- 
ploying an optical mask to reduce cross-talk and cross- 
talk variation between photodiodes overcoming the afore- 
mentioned drawbacks. 

[0012] An optical mask layer is disposed or otherwise formed be- 
tween the photodiode array and scintillator array of a CT 
detector. The optical mask layer, which may extend along 
the x-axis, z-axis, or both, is designed to absorb or re- 
flect light emitted by the scintillators of the scintillator ar- 
ray in the regions near the boundaries between photodi- 
odes. Through this absorption or reflection, transference 
of light photons into electrical signals from a scintillator 
to the photodiode corresponding to a neighboring scintil- 
lator is reduced. The transference which is suppressed 
may occur by two mechanisms: first, by optical transmis- 
sion through the optical coupling layer and, second, by 
generation of electrical carriers in the semiconductor and 
lateral diffusion of these carriers to an adjacent photodi- 
ode. This reduction in cross-talk reduces artifacts in the 
reconstructed image and therefore improves the diagnos- 



tic value of the image. In an alternate embodiment, opti- 
cally reflective materials rather than or in addition to the 
optically absorbent materials are used. 

[0013] Therefore, in accordance with one aspect, the present in- 
vention includes a CT detector having a scintillator array 
that includes a plurality of scintillators and a photodiode 
array having a plurality of photodiodes and configured to 
detect illumination of the scintillator array. The CT detec- 
tor also includes an optical mask disposed between the 
scintillator array and the photodiode array. The optical 
mask is configured to reduce optical transference between 
a scintillator and a neighboring photodiode. 

[0014] | n accordance with another aspect of the present inven- 
tion, a CT detector is provided and includes at least two 
scintillators positioned adjacently to one another and at 
least two photodiodes. Each photodiode is operationally 
aligned to detect illumination of a respective scintillator. 
The CT detector further includes at least one mask ele- 
ment disposed between the at least two scintillators and 
the at least two photodiodes to reduce optical transfer- 
ence between a scintillator and a neighboring photodiode. 

[0015] According to another aspect, the present invention in- 
cludes a CT system having a rotatable gantry having a 



bore centrally disposed therein and a table movable fore 
and aft through the bore and configured to position a 
subject for CT data acquisition. The CT system also in- 
cludes a high frequency electromagnetic energy projection 
source positioned within the rotatable gantry and config- 
ured to project high frequency electromagnetic energy to- 
ward the subject, and a detector array disposed within the 
rotatable gantry and configured to detect high frequency 
electromagnetic energy projected by the projection source 
and impinged by the subject. The detector array includes 
an array of scintillators and an array of photodiodes. The 
detector array further includes an array of optical cross- 
talk inhibitors interstitially layered between the array of 
scintillators and the array of photodiodes. 
[0016] | n accordance with yet another aspect, the present inven- 
tion includes a method of CT detector manufacture that 
includes the steps of providing a cellular arrangement of 
scintillators and providing a cellular arrangement of pho- 
todiodes. The manufacturing method further includes 
providing an optical cross-talk mask and arranging the 
cellular arrangement of scintillators and the cellular ar- 
rangement of photodiodes such that the optical cross-talk 
mask is sandwiched therebetween. 



[0017] Various other features, objects and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0018] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0019] In the drawings: 

[0020] pig. 1 is a pictorial view of a CT imaging system. 

[0021] pig. 2 is a block schematic diagram of the system illus- 
trated in Fig. 1. 

[0022] Fig. 3 is a perspective view of one embodiment of a CT 
system detector array. 

[0023] Fig. 4 is a perspective view of one embodiment of a de- 
tector. 

[0024] Fig. 5 is illustrative of various configurations of the detec- 
tor in Fig. 4 in a four-slice mode. 

[0025] Fig. 6 is cross-sectional view of a portion of a CT detector 
in accordance with one aspect of the present invention. 

[0026] Fig. 7 is a pictorial view of a CT system for use with a 

non-invasive package inspection system. 
Detailed Description 

[0027] The operating environment of the present invention is de- 



scribed with respect to a four-slice computed tomography 
(CT) system. However, it will be appreciated by those 
skilled in the art that the present invention is equally ap- 
plicable for use with single-slice or other multi-slice con- 
figurations. Moreover, the present invention will be de- 
scribed with respect to the detection and conversion of x- 
rays. However, one skilled in the art will further appreciate 
that the present invention is equally applicable for the de- 
tection and conversion of other high frequency electro- 
magnetic energy such as gamma rays or higher energy 
particle radiation such as neutrons, electrons or protons. 
The present invention will be described with respect to a 
"third generation" CT scanner, but is equally applicable 
with other CT systems. 
[0028] Referring to Figs. 1 and 2, a computed tomography (CT) 
imaging system 10 is shown as including a gantry 12 rep- 
resentative of a "third generation" CT scanner. Gantry 12 
has an x-ray source 14 that projects a beam of x-rays 16 
toward a detector array 18 on the opposite side of the 
gantry 12. Detector array 18 is formed by a plurality of 
detectors 20 which together sense the projected x-rays 
that pass through a medical patient 22. Each detector 20 
produces an electrical signal that represents the intensity 



of an impinging x-ray beam and hence the attenuated 
beam as it passes through the patient 22. During a scan 
to acquire x-ray projection data, gantry 12 and the com- 
ponents mounted thereon rotate about a center of rota- 
tion 24. 

[0029] Rotation of gantry 12 and the operation of x-ray source 
14 are governed by a control mechanism 26 of CT system 
10. Control mechanism 26 includes an x-ray controller 28 
that provides power and timing signals to an x-ray source 
14 and a gantry motor controller 30 that controls the ro- 
tational speed and position of gantry 12. A data acquisi- 
tion system (DAS) 32 in control mechanism 26 samples 
analog data from detectors 20 and converts the data to 
digital signals for subsequent processing. An image re- 
constructor 34 receives sampled and digitized x-ray data 
from DAS 32 and performs high speed reconstruction. The 
reconstructed image is applied as an input to a computer 
36 which stores the image in a mass storage device 38. 

[0030] Computer 36 also receives commands and scanning pa- 
rameters from an operator via console 40 that has a key- 
board. An associated cathode ray tube display 42 allows 
the operator to observe the reconstructed image and 
other data from computer 36. The operator supplied com- 



mands and parameters are used by computer 36 to pro- 
vide control signals and information to DAS 32, x-ray 
controller 28 and gantry motor controller 30. In addition, 
computer 36 operates a table motor controller 44 which 
controls a motorized table 46 to position patient 22 and 
gantry 12. Particularly, table 46 moves portions of patient 
22 through a gantry opening 48. 

[0031] As shown in Figs. 3 and 4, detector array 18 includes a 

plurality of scintillators 57 forming a scintillator array 56. 
A collimator (not shown) is positioned above scintillator 
array 56 to collimate x-ray beams 16 before such beams 
impinge upon scintillator array 56. 

[0032] | n one embodiment, shown in Fig. 3, detector array 18 in- 
cludes 57 detectors 20, each detector 20 having an array 
size of 16 x 16. As a result, array 18 has 16 rows and 912 
columns (16 x 57 detectors) which allows 16 simultane- 
ous slices of data to be collected with each rotation of 
gantry 12. Further, as will be described in greater detail 
below, each detector includes an optical mask or layer de- 
signed to reduce cross-talk between detector cells adja- 
cent to one another along the x-axis, between detector 
cells adjacent to one another along the z-axis, or both. By 
convention the two in plane axes of the detector are the 



x-axis and the z-axis. The x-axis is in the direction of the 
gantry rotation. 
[0033] Switch arrays 80 and 82, Fig. 4, are multi-dimensional 
semiconductor arrays coupled between scintillator array 
56 and DAS 32. Switch arrays 80 and 82 include a plurality 
of field effect transistors (FET) (not shown) arranged as 
multi-dimensional array. The FET array includes a number 
of electrical leads connected to each of the respective 
photodiodes 60 and a number of output leads electrically 
connected to DAS 32 via a flexible electrical interface 84. 
Particularly, about one-half of photodiode outputs are 
electrically connected to switch 80 with the other one-half 
of photodiode outputs electrically connected to switch 82. 
Additionally, a reflector layer (not shown) may be inter- 
posed between each scintillator 57 to reduce light scatter- 
ing from adjacent scintillators. Each detector 20 is se- 
cured to a detector frame 77, Fig. 3, by mounting brack- 
ets 79. 

[0034] Switch arrays 80 and 82 further include a decoder (not 
shown) that enables, disables, or combines photodiode 
outputs in accordance with a desired number of slices and 
slice resolutions for each slice. Decoder, in one embodi- 
ment, is a decoder chip or a FET controller as known in 



the art. Decoder includes a plurality of output and control 
lines coupled to switch arrays 80 and 82 and DAS 32. In 
one embodiment defined as a 16 slice mode, decoder en- 
ables switch arrays 80 and 82 so that all rows of the pho- 
todiode array 52 are activated, resulting in 16 simultane- 
ous slices of data for processing by DAS 32. Of course, 
many other slice combinations are possible. For example, 
decoder may also select from other slice modes, including 
one, two, and four-slice modes. 
[0035] As shown in Fig. 5, by transmitting the appropriate de- 
coder instructions, switch arrays 80 and 82 can be config- 
ured in the four-slice mode so that the data is collected 
from four slices of one or more rows of photodiode array 
52. Depending upon the specific configuration of switch 
arrays 80 and 82, various combinations of photodiodes 60 
can be enabled, disabled, or combined so that the slice 
thickness may consist of one, two, three, or four rows of 
scintillator array elements 57. Additional examples in- 
clude, a single slice mode including one slice with slices 
ranging from 1.25 mm thick to 20 mm thick, and a two 
slice mode including two slices with slices ranging from 
1.25 mm thick to 10 mm thick. Additional modes beyond 
those described are contemplated. 



[0036] The present invention is directed to an optical mask or 
layer constructed to reduce the absorption of photons 
from the scintillator in the regions near the gaps between 
detector cells in the diode. Photo generated carriers in the 
diode in these regions have the highest probability of dif- 
fusion and collection by an adjacent detector cell. Specifi- 
cally, the optical mask forms a grid of intersecting optical 
absorbing inhibitor elements extending transversely along 
and dimensionally equivalent to the scintillator array and 
the photodiode array. Additionally, the mask may be con- 
structed of an optical reflective material(s) rather than or 
in addition to absorbing material(s) or opaque material(s). 
More specifically, the mask may be preferably constructed 
of any one or combination of black polyamide, metal, 
doped silicon, and opaque material(s). 

[0037] Figure 6 illustrates a cross-sectional view of a portion of a 
CT detector 20 in accordance with the present invention. 
As illustrated and described above, detector 20 includes a 
scintillator array 56 formed of a plurality of scintillators 
57. Neighboring scintillators are separated from one an- 
other by a gap 86 that is typically filled with optically re- 
flective material to form a reflector. Optically coupled to 
the scintillator array 56 is a photodiode array 52 com- 



prised of photodiodes 60 fabricated in a semiconductor 
substrate 61. Each scintillator 57 has a corresponding 
photodiode 60. Sandwiched between the scintillator array 
and the substrate is an optical mask or layer 88 that in- 
cludes a number of mask elements 90. As noted above, 
the optical mask may be constructed such that the mask 
elements extend along the x-axis, z-axis, or both. 
[0038] The optical absorbing mask 88 is designed to reduce 
cross-talk from one detector cell to its neighbor. More 
specifically, the optical mask elements 90 are designed to 
reduce cross-talk from a scintillator and the photodiode 
of a neighboring scintillator. Moreover, the optical mask is 
designed to accommodate the misalignment of detector 
components and the cross-talk associated therewith. That 
is, the optical mask is constructed such that the individual 
mask elements are dimensionally equivalent to, and 
preferably larger than, the separation between adjacent 
scintillators. As such, the optical mask may be used to re- 
lax the alignment requirements of the scintillator array to 
the photodiode array. The region of optical photon ab- 
sorption in the diode is defined by the placement of the 
mask 88 and not the alignment of the scintillator array 56. 
In addition, it is preferred that the thickness of the optical 



mask elements be substantially equivalent to the vertical 
separation between the scintillator array and the photodi- 
ode array. 

[0039] it is contemplated that the optical mask may be com- 
prised of a number of optically absorbing materials and 
may be manufactured in accordance with a number of 
fabrication techniques. In this regard, black polyamide is 
one example of a composition that may be used in the 
optical absorption layer. Such black polyamide materials 
are commercially available from Brewer Science, Inc. of 
Rolla, Missouri. Moreover, metal and a metallization fabri- 
cation process are contemplated. In another embodiment, 
the photodiode array may be deposited or otherwise dif- 
fused with a dopant which produces rapid recombination 
of the photogenerated carriers. An example is a high con- 
centration of N type dopant, if the diodes are formed from 
P-type dopant. In another embodiment, a mechanical grid 
dimensionally equivalent to the photodiode array is fabri- 
cated and applied. Screen printing of opaque materials is 
also contemplated for optical mask construction. Addi- 
tionally, heretofore the present invention has been de- 
scribed with respect to the reduction of cross-talk be- 
tween a scintillator and a neighboring photodiode through 



incorporation of an optically absorbent element between 
photodiodes; however, it is contemplated that the light 
photons emitted toward a neighboring detector cell may 
be blocked and/or reflected using optically reflective ele- 
ments. In this regard, light collection may be increased 
with a reduction of cross-talk. It is also contemplated that 
angled reflective elements may be used to further enhance 
light collection efficiency. 
[0040] The present invention has been described with respect to 
the acquisition of diagnostic data from a medical patient. 
The present invention is also applicable with CT systems 
used to acquire non-medical data. Referring now to Fig. 7, 
package/baggage inspection system 100 includes a rotat- 
able gantry 102 having an opening 104 therein through 
which packages or pieces of baggage may pass. The ro- 
tatable gantry 102 houses a high frequency electromag- 
netic energy source 106 as well as a detector assembly 
108 having scintillator arrays comprised of scintillator 
cells. A conveyor system 110 is also provided and in- 
cludes a conveyor belt 112 supported by structure 114 to 
automatically and continuously pass packages or baggage 
pieces 116 through opening 104 to be scanned. Objects 
116 are fed through opening 104 by conveyor belt 112, 



imaging data is then acquired, and the conveyor belt 112 
removes the packages 116 from opening 104 in a con- 
trolled and continuous manner. As a result, postal inspec- 
tors, baggage handlers, and other security personnel may 
non-invasively inspect the contents of packages 116 for 
explosives, knives, guns, contraband, etc. 

[0041] Therefore, in accordance with one embodiment, the 

present invention includes a CT detector having a scintil- 
lator array that includes a plurality of scintillators and a 
photodiode array having a plurality of photodiodes and 
configured to detect illumination of the scintillator array. 
The CT detector also includes an optical mask disposed 
between the scintillator array and the photodiode array. 
The optical mask is configured to reduce optical transfer- 
ence between a scintillator and a neighboring photodiode. 

[0042] | n accordance with another embodiment of the present in- 
vention, a CT detector is provided and includes at least 
two scintillators positioned adjacently to one another and 
at least two photodiodes. Each photodiode is operationally 
aligned to detect illumination of a respective scintillator. 
The CT detector further includes at least one mask ele- 
ment disposed between the at least two scintillators and 
the at least two photodiodes to reduce optical transfer- 



ence between a scintillator and a neighboring photodiode. 

[0043] According to another embodiment, the present invention 
includes a CT system having a rotatable gantry having a 
bore centrally disposed therein and a table movable fore 
and aft through the bore and configured to position a 
subject for CT data acquisition. The CT system also in- 
cludes a high frequency electromagnetic energy projection 
source positioned within the rotatable gantry and config- 
ured to project high frequency electromagnetic energy to- 
ward the subject, and a detector array disposed within the 
rotatable gantry and configured to detect high frequency 
electromagnetic energy projected by the projection source 
and impinged by the subject. The detector array includes 
an array of scintillators and an array of photodiodes. The 
detector array further includes an array of optical cross- 
talk inhibitors interstitially layered between the array of 
scintillators and the array of photodiodes. 

[0044] | n accordance with yet another embodiment, the present 
invention includes a method of CT detector manufacture 
that includes the steps of providing a cellular arrangement 
of scintillators and providing a cellular arrangement of 
photodiodes. The manufacturing method further includes 
providing an optical cross-talk mask and arranging the 



cellular arrangement of scintillators and the cellular ar- 
rangement of photodiodes such that the optical cross-talk 
mask is sandwiched therebetween. 
[0045] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



